We investigated the evanescent field above a photonic crystal waveguide. In such a waveguide, light is confined in the in-plane direction by a photonic bandgap, and in the out-of-plane direction by total internal reflection. We show that the evanescent decay of the field above the waveguide is non-trivial due to the Bloch nature of the mode. As a result complex intensity patterns appear at the nanoscale.
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In the simple case of total internal reflection at a planar interface from a high dielectric constant (ε) to a low-ε material with ε low , the field amplitude decays in the ε low material (z > 0) according to
where ω is the optical frequency, c is the speed of light in vacuum, and k is the wavevector parallel to the interface.
For evanescent waves at a flat planar interface, the exponent is real and negative resulting in an exponentially decaying field away from the interface. According to Bloch's theorem, the amplitude of a wave in a photonic crystal must conform to the imposed periodicity. The resulting modulated amplitude can be rewritten as a Fourier series of plane waves, so-called Bloch harmonics, each having a their own k = k + m2π/a, with m ∈ Z [1] . By measuring the field with phase-sensitive near-field microscopy [2] , we found that the evanescent field of the composite Bloch wave decays nonexponentially as a function of height. Even the individual Bloch harmonics, having only one single wave vector along the propagation direction, do not necessarily decay single-exponentially as is depicted in Fig. 1a (m = −1 Bloch harmonic). This is confirmed by 3D finite-difference time-domain (FDTD) simulations (Fig. 1a) . The explanation for the deviations from this simple behavior lies in the lateral fields of the harmonics. We have plotted the measured and the calculated power density distributions as a function of height of two Bloch harmonic in Figs. 1b-e. To build up these complex lateral modal patterns, a range of k x wavevectors is required. When the magnitude of these wavevectors is comparable to or larger than that of k y , they need to be taken into account when calculating the decay or the modal pattern of the evanescent field. As a result a huge control can be exerted on the intensity pattern of light above photonic crystal structures by engeneering the Bloch harmonics.
This work has been presented in reference [3] .
